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We analyze the conductance of the quantum point contact containing large localized 
spin J. The additional plateau is formed on a ballistic conductance staircase if only one 
propagating channel is rendered conducting. The conductance value at this plateau is 
shown to depend strongly on J and decrease from  to  when J increases from 
½ to infinity, which is in a good agreement with the experimental observations [D.J. 
Reilly, et al, Phys. Rev. B 63, 121311 (2001)]. 
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The progress in nanotechnology allowed the fabrication of the quasi- one dimensional 
mesoscopic components in which the transport of the carriers has a ballistic character and is 
not accompanied by the Joule losses. The conductance of such structures is determined by the 
number of the filled subbands of the dimensional quantization N and can be calculated using 
the Landauer- Buttiker formula [1] 
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where e and h are the electron charge and the Plank constant, the spin factor  if the 
subbands are spin- degenerated, and 
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 The role of the spin- correlations in the ballistic transport is sufficiently enhanced as 
compare to the classical transport in the diffusive regime, specifically if only one propagating 
channel is rendered conducting (N=1). Among their most drastic manifestations is the 
findings of the  feature at the first step of the conductance staircase of the 
quantum wires (QWs) and quantum point contacts (QPCs) at zero magnetic field [2, 3]. It is 
now almost generally accepted that this anomaly is connected with an appearance of the 
spontaneously spin-polarized state in the region of the QPC. Two experimental observations 
support this conclusion. First, the electron 
)"/2(7.0" 2 he⋅
g  - factor was found to increase from 0.4 to 1.3 as 
the number of occupied 1D subbands decreases [3]. Second, the height of the  
feature attains a value of  with increasing of the external magnetic field [2, 3]. 
Theoretical calculations carried out within the LDA [4] or the Hartree-Fock [5] 
approximations demonstrate the possibility of the formation of the spontaneously spin-
polarized state in the low concentration limit, when the exchange interaction between 
electrons dominates over their kinetic energy. The role of the mutual orientation of the spins 
of localized and propagating electrons was also important to be discussed [6, 7]. If the 
external magnetic field is zero and only single electron is localized at the QPC, the 
conductance value was shown to be equal to in the case of the ferromagnetic 
exchange interaction (when the energy lowers) or in the case of the 
antiferromagnetic exchange interaction. The former value is in a good agreement with the 
experimental data.  
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Since this conclusion is of importance for our further consideration, here we discuss 
briefly how this result has been obtained as well as consider the conductance of the QPC 
containing the spin S>1/2. The physical model of this hypothetical situation seems to be the 
ion with spin S=5/2 embedded in the QPC. Alternatively, it could be the QPC 
containing several localised electrons exhibiting the spontaneous spin-polarization due to the 
exchange interaction. The spin- dependent scattering of the propagating electrons in such a 
system can also manifest itself in the formation of the additional plateaux of the quantum 
conductance staircase. The conductance value is expected, however, to be different from 
 (G
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2/h) and to be dependent on the number of the electrons with unpaired spin 
localized on the QPC.  
Firstly, the situation can be considered qualitatively. The contact is supposed to 
contain total spin J.  Having nonzero magnetic moment the localized state affects the 
propagating carriers via the Kondo- type correlations. As the interaction between the localized 
and propagating electrons depends on the mutual orientation of their spins, the transmission 
coefficient through the QPC with a magnetic moment becomes to be spin-dependent. If the 
propagating electron enters the QPC, the total spin  can be either  or 
. The number of the possible realizations of the state 1 appears to be 
, while the number of the realizations of the state 2 is , 
with the configurations 1 and 2 split in energy because of the exchange interaction. In the case 
of the ferromagnetic interaction the energy of the state 1 lies below the energy of the state 2, 
and thus the potential barrier formed in the region of the QPC is higher for the configuration 
2. Consequently, for small enough carrier concentration the ingoing electron in the 
configuration 1 passes freely the QPC, while in the configuration 2 it is reflected. Then, the 
only configuration 1 contributes to the conductance. The probability of its realization is 
 in zero external magnetic field against the 
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( 1) /(2 1J J+ + /(2 1)J J + for the configuration 2, 
and thus the conductance of the QPC in the considered regime reads  
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On the contrary, in the case of the antiferromagnetic interaction, the configuration 2 is 
energetically preferable, and the conductance should be 
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Table 1 summarizes the possible values of the conductance. 
 
The value of J fG , ferromagnetic interaction aG , antiferromagnetic interaction 
J=1/2 
03 / 4fG G=  01/ 4aG G=  
J=1 
02 / 3fG G=  01/ 3aG G=  
J=3/2 
05 /8fG G=  03 / 8aG G=  
J=2 
03/ 5fG G=  02 / 5aG G=  
J=5/2 
07 /12fG G=  05 /12aG G=  
J = ∞  
01/ 2fG G=  01/ 2aG G=  
 
In the case of the ferromagnetic interaction, which is likely to be realized in the 
experiment, the height of the sub-step is seen to decrease with the number of the impaired 
electrons localized on the contact and to reach the value of  if this number becomes 
infinite (in fact, it is almost  for 
01/ 2G
01/ 2G 3J = ). Besides, the number of the unpaired electrons 
is expected to be dependent on the length of the QPC, being small for short and large for long 
contacts, respectively. Thus, for the short contacts the conductance should be about  in 
accordance with the experimental data, while for the long wires it should attain the value of 
. This result corresponds perfectly to the experimental observations by Reilly et al [8]. 
The application of the external magnetic field leads to the spin polarization of both 
propagating and localized carriers thus transforming the conductance into  for all 
values of J.  
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Now the conductance can be calculated in more rigorous way. We perform our 
analysis within frameworks of the following model. The movement of the propagating 
electrons is supposed to be purely one- dimensional, i.e. the diameter of the quantum D wire 
is taken to be small enough to provide the validity of the following condition  
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where the  Fermi energy of carriers can be estimated as
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temperature should be small to prevent the thermal mixing of the subbands, 
2
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The conductance of the system appears to be calculated by means of the Landauer- Buttiker 
formula where the transmission coefficients depend on the Fermi energy and the spin of 
carriers.  
If the external magnetic field is absent and electrons in the ingoing and outgoing leads 
are unpolarized, the density matrix of the system containing the free propagating electrons, 
and the localized spin before their interaction reads 
( ) 2
0
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J
in e J e e e e
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J m J m
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Thus, there are 4J+2 possible mutual orientations of the spin of the propagating and localized 
electrons. For each of them after passing of the region of the QPC, the spin of the propagating 
electron can be either conserved or inversed due to the exchange interaction. For example, the 
situation when the propagating electron initially has spin projection -1/2 on the arbitrary 
selected axis, while the spin projection of the localized spin on the same axis is , can 
be imagined. After the interaction the spin projections can rest the same, -1/2 and J-m+1, or 
spin- flip can occur, and spin projections will be +1/2 and J-m. The conductance at zero 
temperature can be thus calculated as 
-J m+1
( )
2 2 2
2 2
0 1 1 1 1 1 1 1 1; 1 ; 1 ; 1 ; ; ; ; ; 10 2 2 2 2 2 2 2 2
( )
4 2 1
J
T
J m J m J m J m J m J m J m J mm
eG E A A A A
h J= ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞− − + → − − + − − + → − − → − − → − − +⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟= ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠
2⎡ ⎤⎢ ⎥= + + +⎢ ⎥+ ⎣ ⎦
∑
(6) 
where A denotes the transmission amplitudes dependent on the Fermi energy of carriers. The 
indices of the transmission amplitudes denote the spin state of the propagating and localized 
electrons before and after interaction. Thus, the amplitudes 1 1; 1 ; 1
2 2
J m J m
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 and 
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⎞  describe the spin- conservative passing of the carrier through QPC, while 
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 correspond to the passing accompanied by a spin- 
flip. Formula (6) can be easily generalized for the case of the nonzero temperature 
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Where µ  denotes the chemical potential, ( ), ,f T E µ  is the Fermi distribution.  
To determine the values of the transmission amplitudes in Eq(6), it is necessary to 
specify the Hamiltonian of the interaction between the propagating carrier and localized spin 
J. In the present work we suppose that they interact only in the region of the length L 
(dimension of QPC), whereas in the other space the interaction is taken to be absent. The 
model Hamiltonian can be thus represented in the following form 
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For the ferromagnetic interaction, , while for the antiferromagnetic interaction, 
. To calculate the spin- dependent transmission amplitudes, the Hamiltonian in the 
region of the QPC is followed to present in the matrix form, using the basis of the 4J+2 
vectors  
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where . The matrix of the Hamiltonian is of importance to represent in a block- 
diagonal form because of the spin conservation  
1,..., 2m =
( )(1) (2) , 1 1;lk l lk l l k l kH V Vδ δ δ+ += + +                                                (10) 
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This Hamiltonian can be reduced to the diagonal form lk l lkH ε δ= , where 
2 2
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The value given by the formula (12a) corresponds to the total spin of the localized plus 
propagating electron that is equal to 1 1/ 2S J= + , while the value given by (12b) corresponds 
to the total spin .  2 1/ 2S J= −
 To determine the transmission amplitudes, it is also necessary to obtain the general 
expression for the wavefunction for all possible mutual orientations of the spin of the 
propagating electron and the localized spin. For example, the combination of the spin 
projections that consists of the spin projection of the electron falling to QPC equal to -1/2 and 
the projection of the localized spin corresponding to J-m+1 is more of interest. In this case the 
wavefunction reads 
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where A and B are transmission and reflection amplitudes respectively,  is the Fermi 
wavenumber of the carrier inside the leads, the wavenumbers  and  correspond to the 
eigen energies of the carrier in the region where exchange interaction undergoes (see formulae 
12a, 12b) 
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1k 2k
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[ ]2 22 F dir exmk E V V= − +h J                                                 (14b) 
(1,2)
mX  are eigenvectors of the m-th block of the Hamiltonian and read 
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All other possible mutual orientations can be also considered.  
 The expressions (12)- (14) together with the continuity condition of the wavefunction 
and its derivative in the points x=0 and x=L allow the determination of the transmission 
amplitudes of the spin conservative process 1 1; 1 ; 1
2 2
J m J m
A⎛ ⎞ ⎛ ⎞− − + → − − +⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
 and of the spin- flip process 
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L V J
. Then, the conductance can be calculated using the formula (6).  
 Figs 1a and 1b show the dependence of the conductance of the QPC on the chemical 
potential for different values of the J. The parameters of the calculation were taken as follows: 
the effective mass of the carrier m=0.06me, the temperature T=10 K, the length of the contact 
 with L0L L J= 0 = 10 nm (This means that the length of the contact is proportional to the 
number of the electrons localized on it). The values of the exchange and direct matrix 
elements were estimated as , 2 /exV e≈ m 1,1dir exV = ⋅m . Figs 1a and 1b show the 
conductance for the ferromagnetic and the antiferromagnetic interaction, respectively. The 
formation of the additional plateau, the height of which corresponds to one given by the 
formulae 2 and 3, are clearly seen.  
 In conclusion, we have analyzed the conductance of the QPC containing a large 
localized spin. The additional plateau of the conductance has been shown to be formed in this 
system. The conductance value of this plateau appeared to depend on the total spin of the 
contact and to decrease from  to  with increasing of J, which is in a good 
agreement with experimental observations. 
23 / 2e h 2 /e h
 This work has been supported by SNSF in frameworks of the programme "Scientific 
Cooperation between Eastern Europe and Switzerland, Grant IB7320-110970/1. 
 References 
[1] R. Landauer. IBM J. Res. Dev., 1, 233 (1957); M. Büttiker. Phys. Rev. Lett., 57, 1761 
(1986). 
[2] K.J. Thomas, J.T. Nicholls, M.Y. Simmons, M. Pepper, D.R. Mace, D.A. Ritchie. Phys. 
Rev. Lett., 77, 135 (1996). 
[3] K.J. Thomas, J.T. Nicholls, N.J. Appleyard, M.Y. Simmons, M. Pepper, D.R. Mace, W.R. 
Tribe, D.A.Ritchie. Phys. Rev., B 58, 4846 (1998); K.J. Thomas, J.T. Nicholls, M. Pepper, 
W.R. Tribe, M.Y. Simmons, D.A. Ritchie. Phys. Rev. B 61, 13365 (2000). 
[4] Chuan-Kui Wang, K.-F. Berggren. Phys. Rev. B 57, 4552 (1998); A.A. Starikov, I.I. 
Yakymenko, K.-F. Berggren. Phys. Rev. B 67, 235319 (2003). 
[5] N.T. Bagraev, I.A. Shelykh, V.K. Ivanov, L.E. Klyachkin, Phys. Rev. B 70, 155315 (2004) 
[6] T. Rejec, A. Ramsak, J.H. Jefferson,  J. Phys.: Condens. Matter 12 L233-L239 (2000); T. 
Rejec, A. Ramsak, J.H. Jefferson, Phys. Rev. B 67, 075311 (2003) 
[7] V.V. Flambaum, M. Yu. Kuchiev, Phys. Rev. B 61, R7869 (2000) 
[8] D. J. Reilly, G. R. Facer, A. S. Dzurak, B. E. Kane, R. G. Clark, P. J. Stiles, R. G. Clark, 
A. R. Hamilton, J. L. O’Brien, N. E. Lumpkin, L. N. Pfeiffer, and K. W. West, Phys. Rev. B 
63, 121311 (2001); D. J. Reilly, T. M. Buehler, J. L. O’Brien, A. R. Hamilton, A. S. Dzurak, 
R. G. Clark, B. E. Kane, L. N. Pfeiffer, and K. W. West, Phys. Rev. Lett. 89, 246801 (2002); 
D. J. Reilly, Phys. Rev. B 72, 033309 (2005) 
 Captions 
 
Fig. 1.  
The first step of the quantum conductance staircase vs the chemical potential of carriers that 
reveals the fractional variations of the “0.7 (2e2/h)” feature as a function of the localized spin, 
J, inside the quantum point contact, QPC, in the case of the ferromagnetic (a) and the 
antiferromagnetic (b) exchange interaction. 
 
 
 
 
 
 
 
  
 
 
 
